-N and DON were about 25%. TN deposition reached the critical load value for vulnerable terrestrial ecosystems. Expected dominant sources for nitrogen deposition were the agricultural activities in this area. In addition, these results also implied that excessive N deposition could induce the water quality of TGRA degeneration as well as severely effect on ecological environment. Therefore, it is necessary to take some measures for nitrogen deposition control and ecosystems protection.
INTRODUCTION
Atmospheric transport is likely the primary mechanism by which N is delivered into riverine, estuarial and coastal ecosystems [1] . Although N is one of the major fractions of the nutrient compositions in terrestrial ecosystems, excessive nitrogen input through atmospheric deposition could damage ecosystem structure and function [2] . The effects of elevated N deposition on terrestrial ecosystems has been growing [3] , and many evidences have indicated that increasing atmospheric N deposition has threaten the health of ecosystems in many countries [4] , [5] . In the past decade, the effects of atmospheric N deposition on surface water have received considerable attention, particularly in the context of eutrophication of aquatic systems [6] . In addition, excessive N deposition would impact the properties and processes of soil, resulting in nutrient cycles altered, soil acidification increase, and base cation leaching (particularly Mg 2+ and Ca
2+
) and Al toxicity elevation, and then the soil fertility reduction [7] , [8] . Therefore, it is quite significant to study the effects of N deposition for regional environmental and ecological protection.
China has become one of the hottest spots experiencing high N deposition, following Europe and America [9] , [10] . Currently, many regions of China have been experiencing high N deposition. For example, N deposition fluxes in Guangzhou City, which is located in the industrial zone of the Guangdong Province, China, ranged from 46 to 73 kg ha −1 yr −1 [11] . And N wet deposition flux was observed in the range of 36-38 kg ha
yr −1 in the Dinghushan Biosphere Reserve of China [12] . The amount of N deposition in these regions has reached saturation level, many secondary disasters (e.g. leaching of base cation and acidification of soils and surface waters, reduction of productivity and species richness) occurred continually. Regarding N deposition, however most studies were carried out in developed areas of southern China; the similar studies are scarce in the Central and Southwest China subtropical areas, where substantial strategic resources (water sources, foodstuff and so on) are produced. Therefore, it is critical for environmental and ecological protection to clarify the N deposition status in Central China, where industry and agriculture have been increasing rapidly.
The Three Gorges Area (TGA) is the main catchment zone of Three Gorges Reservoir (TGR), where the variation of the surface water quality will significantly impacts the nutrient status in TGR. Nitrogen, however as a major contributor to eutrophication, correlative studies were mainly focused on the concentration in terrestrial surface flows [13] , [14] . At present, other spatial cycle way of N, especially atmospheric N deposition studies are scarce at watershed scale. In this study, an atmospheric wet deposition of N monitoring experiment was carried out from 2004 to 2008 at a small watershed in TGA. The objectives of this study were to (1) investigate the monthly and annual variation of the wet deposition of N; (2) explore the sources and the potential effects of the wet deposition on water body and ecological environment in small watersheds of TGR.
II. METHOD AND MATERIALS

Study area
Zhangjiachong watershed is a small sub-valley of Baotahe river, a branch of Yangtze River (E 110°57′20″, N 30°46′51″). The total area is about 1.62 km 2 with more than 700 residents. The area has a rough, hilly surface with elevation ranging from 148 m to 530 m above sea level. The region belongs to typical subtropical monsoon climate. The average annual air temperature is approximately 18 ℃, while annual precipitation, relative air humidity and annual sunshine time are 1000 mm, 72 % and 1631.5 hours, respectively.
Sampling and measurement
Sample collection sites at different sites (residential area and farmland) were selected as described by Akkoyunlu [15] who introduced sampling and analysis method and technical specifications for detection of deposition. Each site was equipped with a wet-only precipitation collector (Wuhan Tianhong Intelligent Instrument Factory, HJ/T165-2004). In farmland, the precipitation collectors were setup in an open area away from large trees or other masks, in the residential area, the collectors were placed on the top of building. / 10000
where, RW is the nitrogen deposition flux (kg ha -1 month -1 ); A is the surface area of collector(0.07 m 2 ); C i is N concentration in rainwater (mg L -1 ); V i is the volume of liquid in wet deposition (L). In fact, when the volume of water sample was less for determine chemical composition, C i adopted the average value for several rainfall events in a same month.
III. RESULTS AND ANALYSISES
Precipitation characteristic
Annual precipitation was 1037, 936, 1245 and 1447 mm, respectively from 2005 to 2008 and exhibited an increasing trend year by year. This reason may be that the air humidity increased with water storage of the TGR. In addition, 80% of the total annual precipitation occurred from May to September (Figure 1 ). According to the precipitation distribution, a year was divided into two periods: the wet season (from May to September) and dry season (other months). 
N concentrations variations
The effects of rainfall events on N concentrations in rainwater were significant. N concentrations were obviously higher in the dry season (March and December) than in the wet season (Table 1) . This may be due to rainfall frequency and precipitation was less in the dry season. N dust in atmosphere increased during the longer period without rainfall events resulting in the increase of N concentrations. During the wet season, rainfall events frequently occurred and the precipitation was more, the contained N less accumulation of the. So, it was reasonable that N concentrations were smaller in rainwater samples in the wet season. N concentration decreased with the increase of rainfall intensity and precipitation (Table 1 ). This because is that rainfall has clean function on atmosphere and the function is enhanced with the increasing of rainfall intensity and precipitation. For instance, the rainfall intensity was 10.2 mm h -1 at the beginning of a rainfall event in July 2006 with N concentration of 2.14 mg L -1 . When the rainfall intensity reached up to 15.8 mm h -1 , N concentration decreased more than 50% (0.89 mg L -1 ). Correlation analysis showed that there was a significant correlation between N concentration decrease and average rainfall intensity (r = 0.867, p < 0.05). This result was similar to the study of Chen and Mudler [16] at five subtropical forested sites in South China; Annual TN concentrations were not significantly difference (Figure 2 ), but the variation ranges were considerable large in each of year. For example, the maximum value (3.37 mg L -1 ) was more four times than the minimum value (0.56 mg L -1 ) in 2006; the difference reached up to 2.95 mg L -1 in 2008. These results implied that N concentrations in rainwater for different rainfall events were obvious difference. The variation of Monthly N concentrations had similar trends (Figure 2 ), which showed a relatively stable state in the wet season with the values ranged from 1 mg L -1 to 2 mg L -1 . In the dry season, monthly TN concentrations were significantly higher than that in the wet season.
N deposition variations
There were great fluctuations for N deposition among months, and obvious difference in the same month of different years (Figure 3) , especially in the wet season. This reason is that the disparity of the external influencing factors (e.g. precipitation, N concentration) was higher in the wet season than that in the dry season. In addition, it was interesting that N concentration was lower, but N deposition was higher in the wet seasons. Table 2 ). The deposition was approximately equal to that in the inland basin of China [17] , but less than that in coastal developed areas [12] , [18] . NO 3 --N accounted for more than 50% of the total N deposition, while NH 4 + -N and DON contributed equally to N deposition. This implied that NO 3 --N was the dominated N species in this region. But this was not consistent with the results of Chen et al. [19] who found that NH 
IV. DISCUSSION
In the case of the N indictors for water eutrophication, N concentrations have exceeded the threshold value of 0.2 mg L -1 [20] . In addition, the study region is characterized by mountain and sparse vegetation coverage, which is favorable for the runoff form at heavy rainfall events. Moreover, there are no large-scale aquatic vegetations for uptaking N in streams, the deposited N will enter into the TGR. If other nutrients concentration (e.g., P and Si) also reach water eutrophication level, the water quality deterioration in TGR will be an inevitable phenomena.
N is a necessary element and a major promoting factor for plants growth and primary production. From this viewpoint, N deposition has positive effect on primary production elevation. but by ecotoxicological model analysis, Krupa [21] suggested that a critical load of 5~10 kg ha -1 yr -1 of total N deposition was favorable for the vulnerable terrestrial ecosystem and a value of 10~20 kg ha -1 yr -1 was beneficial for forest ecological system, excessive N would induced species diversity reduction, the quality of agricultural productions degradation and leaching of N increase. In the present study, the N deposition exceeded the threshold value of vulnerable terrestrial ecosystem but would protect forest. Thereupon, it will be favorable for local ecological systems to reasonably adjust land use patterns.
Increases in N emission are due to increasing combustion of fossil fuels and expansion in industrial activity and agriculture [6] . In the study area surrounded by mountains, there were no large-scale factories, mines and towns within 10 km. As a result, there were no long-term stationary point N emission sources. Atmospheric N movement mainly depends on the wind speed and deposition rate. The wind speed was lower in the region due to the mountain barrier. Therefore, the major influences of atmospheric N were the agricultural cultivation activities. Our previous research indicated that NO 2 emission had significant correlations with fertilizer application rate, with the largest emission rate as 5.13 kg ha -1 yr -1 [22] . Xing and Zhu [23] demonstrated that ammonia volatilization accounted for 11% of ammonia N fertilizer application in most area of China. According to this conclusion and our field investigations, the amount of ammonia volatilization was up to 9.81~13.26 kg ha -1 yr -1 in the present study area. Hence the total N entering into the atmosphere was basically equivalent to the observed atmospheric N deposition. This implied that agricultural activities were dominated influencing factor on atmospheric N deposition.
The dominant N fractions are NO 3 --N, NH 4 + -N and DON for atmospheric N wet deposition, the proportion of DON ranged from 11% to 56% in different areas in the world [24] . In present study, DON deposition accounted for 20% of TN. Therefore, DON could not be ignored for atmospheric N deposition in TGA. Although organic N is important and ubiquitous and could be directly utilized by many terrestrial and aquatic creatures, it was poorly characterized component of atmospheric N deposition. Until now, a few studies had been conducted for DON due to the complexity of DON transformation and transportation processes.
V. CONCLUSIONS N concentrations in rainwater exceeded the threshold of the eutrophication, especially in the dry season, which could impact on the water quality of the TGR. The N deposition amount also exceeded the beneficial critical value of vulnerable terrestrial ecosystem and its effects on agricultural production could not be ignored. Agricultural activities, especially fertilization, were the main sources of atmospheric N in TGA. In present watershed, therefore rational fertilization methods and plant structures might the primary measures for reducing N deposition, which include changing the way of fertilizer application and planting trees with strong tolerance. In addition, most of the DON may become bioavailable after chemical or biological processing in a receiving ecosystem. Therefore, it would be a very meaningful work to enhance the atmospheric DON research for the ecological and environmental protection.
